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Abstract.
-The simultaneous measurements of t h e amplitude independent damping and modulus d e f e c t i n t h e copper and lead s i n g l e c r y s t a l s a r e performed w i t h i n t h e temperature range from 4 , 2 K t o 300 K (Cu) and from 4 , 2 K t o 1 0 K (Pb) a t 5+15 MHz.
It i s found t h a t t h e d i s l o c a t i o n i n t e r n a l f r i c t i o n i n copper i s determined by t h e s u p e r p o s i t i o n of two energy l o s s c o n t r ib u t i o n s : dynamic l o s s caused by t h e v i s c o u s d i s l o c a t i o n d r a g and t h e r e l a x a t i o n one caused by thermoactivated d i s l o c a t i o n motion. The dynamic l o s s c o n t r i b u t i o n was s i n g l e d out, and t h e temperature dependence of t h e damping c o n s t a n t B is obtained. The B(T) dependence i n Cu i s d i s c u s s e d i n -t e r m s of t h e e x i s t i n g models of t h e dynamic d i s l o c a t i o n damping. B u s i n g t h e superconducting t r a n s i t i o n i n l e a d t h e s t r o n g avixence l e o b t a i n e d t h a t t h e damping c o n s t a n t B a t low temperatures i s determined by t h e e l e c t r o n -d i s l o c a t i o n i n t e r a c t i o n , I n t r o d u c t i o n , -According t o t h e t h e o r e t i c a l p r e d i c t i o n s , t h e d i s l o -
c a t i o n dynamic damping i n metals, c h a r a c t e r i z e d by t h e damping const a n t B, i s determined by t h e phonon-dislocation and electron-dislocat i o n i n t e r a c t i o n s . To o b t a i n t h e v a l u e of B t h e amplitude independent d i s l o c a t i o n i n t e r n a l f r i c t i o n is u s u a l l y measured, and t h e r e s u l t s a r e analyzed i n t h e terms of t h e Granato-Lucke s t r i n g model [l] . A t p r e s e n t t h e r e i s a number of mechanisms proposed t o d e s c r i b e t h e d i s l o c a t i o n i n t e r a c t i o n s w i t h phonons and e l e c t r o n s . The b e s t way f o r t e s t i n g t h e t h e o r i e s i s t o s t u d y t h e d i s l o c a t i o n damping under c o n d i t i o n s of c o n t r o l l a b l e varying of t h e elementary e x c i t a t i o n dens i t y i n c r y s t a l . For example, one can change t h e phonon d e n s i t y by t h e temperature varying, and t h e f r e e e l e c t r o n s d e n s i t y by means of t h e superconducting t r a n s i t i o n . However, t h e experimental r e a l i z a t i o n of t h a t programme h a s met some d i f f i c u l t i e s ( s e e , e.g. i n c a s e of Cu L2,3] ) which h a s n o t allowed one t o make unambiguous conclusion about d i s l o c a t i o n i n t e r a c t i o n mechanisms involved. These d i f f i c u l t i e s have been overcome i n [4,51. The a u t h o r s showed, t h a t t h e i n e x p l ic a b l e behavior of B(T) observed i n p,3] f o r Cu was due t o t h e f a c t t h a t t h e h i g h frequency d i s l o c a t i o n amplitude independent damping was determined n o t only by t h e dynamic, as h a s been accepted p r e v iously, b u t r a t h e r by t h e combination of t h e dynamic and r e l a x a t i o n The paper r e p o r t s on t h e d e t a i l e d experimental i n v e s t i g a t i o n of t h e damping constant B temperature dependences i n t h e copper and l e a d s i n g l e c r y s t a l s under t h e c o n t r o l l a b l e conditions. Experimental Nethod. -The simultaneous measurements of t h e amplitude independent d i s l o c a t i o n damping and modulus d e f e c t i n t h e copper and l e a d s i n g l e c r y s t a l s a r e c a r r i e d o u t w i t h i n t h e temperature range from 4 , 2 K t o 300 K a t 5+100 MHz f o r Cu and w i t h i n 4 , 2 K t o 1 0 K a t 5+15 MHz f o r Pb by t h e resonance technique 161 . I n o r d e r t o i n t r oduce f r e s h d i s l o c a t i o n s t h e Cu specimens w i t h [III] o r i e n t a t i o n were compressively deformed by 0,1 t o 0,Yo i n a t e s t i n g machine through t h e s p e c i a l d e v i c e t o keep t h e specimen f a c e s p a r a l l e l . To s t a b i l i z e t h e d i s l o c a t i o n s t r u c t u r e t h e measurements were performed i n 1,5-2 hours a f t e r t h e deformation. Then t h e specimen was placed i n t o t h e c r y o s t a t where t h e measurements of s a n d F were c a r r i e d out.
To s i n g l e o u t t h e d i s l o c a t i o n c o n t r i b u t i o n i n t h e t o t a l energ;y l o s s 8 t h e specimen was 8 -i r r a d i a t e d from co60 up t o t h e dose 8.10 t h a t corresponds t o t h e complete pinning. It i s shown, t h a t t h e r( -i r r a d i at i o n d o s e a p p l i e d does n o t i n f l u e n c e t h e non-dislocation c o n t r i b u t ions t o t h e t o t a l l o s s . The d i s l o c a t i o n c o n t r i b u t i o n i n g and %
i s determined a s a d i f f e r e n c e between t h e v a l u e s of 8 and a befob 9 ' r e and a f t e r such -i r r a d i a t i o n . The damping c o n s t a n t B i s d e f i n e d %rom t h e measurements of amplitude independent i n t e r n a l f r i c t i o n by t h e wellknown Granato-Lucke r e l a t i o n f o r (~~4 4 ' 1 , where Z= BLZh2~ :
where K, and & a r e t h e c o n s t a n t s ; t h e r e s t n o t a t i o n s a r e t h e same as Granato-Lucke used [l] . I n o r d e r t o be c o n f i d e n t t h a t t h e r e l at i o n W C 4 4 1 is f u l f i l l e d , t h e measurements a t t h e d i f f e r e n t frequenc i e s were made, and t h e l i n e a r dependence s/ v e r s u s C3 id-checked.
The temperature dependence of B d e f i n e d i n t h e manner d e c r i b e d above i s shown i n t h e Fig.1 and 2 . I n Fig.1 , t h r e e E(T) curves a r e shown f o r t h e c a s e of t h e same specimen w i t h v a r i o u s mean loop l e n g t h s ?"
: The t e m p e r a t u r e depene n c e of t h e dampin c o n s t a n t B F c a l c u l a t e d from the% and 44/54 measurements i n t h e same copper specimen with,the d i f f e r e n t mean
The numbers by t h e c u r v e s d e n o t e t h e measurement f r e q u e n c i e s . The p o i n t s (1 t o 4) a r e o b t a i n e d w i t h o u t t a k i n g i n t o account t h e r e l a x a t i o n damping component. The p o i n t s (5-8) a r e o b t a i n e d by t h e e x c l u d i n g of t h e r e l a x a t i o n damping component. i s found, t h a t i s t y p i c a l f o r t h e r e l a x a t i o n t y p e i n t e r n a l f r i c t i o n . T h i s i s confirmed by t h e s h i f t of t h e 431 s t e p towards t h e h i g h e r

F iiemperature when t h e measurement frequency i s increased. Assuming t h e s h i f t of t h e 6 E ( T ) i s t h e r m a l l y a c t i v a t e d , one can e s t i m a t e t h e
-v a c t i v a t i o n p a r a m e t e r s of t h e p r o c e s s involved: H=0,035 ev, caz 10' 1° sec. These a r e t y p i c a l f o r d i s l o c a t i o n r e l a x a t i o n p r o c e s s i n Cu f 7 3 .
The o b s e r v a t i o n of t h e s t e p w i s e behavior of t h e
Y ( T ) s u g g e s t s t h a t t h e d i s l o c a t i o n amplitude independent i n t e r n a l r i c t i o n a t h i g h f r e q u e n c i e s i s determined by t h e s u p e r p o s i t i o n of dynamic and r e l ax a t i o n t y p e s of d i s l o c a t i o n damping. Knowing t h e t e m p e r a t u r e dependence of
bS1 , one can r e s t o r e t h e r e l a x a t i o n c o n t r i b u t i o n i n g a t
9' '
t h e d i f f e r e n t f r e q u e n c i e s . It E s t i m a t i o n af Bel from t h e e x p e r i m e n t a l d a t a g i v e ~,~1 . 5 . 1 0 -~ dyI3*a/cm2 t h a t a g r e e s w e l l w i t h t h e o r e t i c a l v a l u e of Del f o r Cu La,
a l l o w s one t o s i n g l e o u t t h e dynamic c o n t r i b u t i o n t o t h e damping and c a l c u l a t e t h e new v a l u e s of D(T) und e r t h e assumption t h a t b o t h c o n t r i b u t i o n s a r e a d d i t i v e . The B(T) c u r v e s o b t a i n e d by e x c l u d i n g t h e r e l a x a t i o n damping c o n t r i b u t i o n are shown i n F i g s . l , 2 . It i s s e e n , t h a t i n t h i s c a s e B(T) d o e s n o t depend on t h e p a r a m e t e r s of t h e d i s l o c a t i o n s t r u c t u r e and f r e q u e n c y measurements, t h a t should be expected s i n c e B i s t h e fundamental c h a r a c t e r i s t i c of m a t e r i a l . A s one can s e e , t h e r e a r e two r e g i o n s i n t h e t e m p e r a t u r e dependence of B. The first one (20-300 K) depends on t h e t e m p e r a t u r e and i s connected w i t h t h e phonon-dislocation i n t e ra c t i o n , t h e second one i s t e m p e r a t u r e inde2endent and can be a s s o c i at e d w i t h e l e c t r o n -d i s l o c a t i o n i n t e r a c t i o n . S i n c e B=Bph+Bel, and Bel i s c o n s i d e r e d t o be t e m p e r a t u r e independent
111 . However, t h e s t r o n g e r evidence might be t h e experiments i n which one c o u l d show t h a t t h e v a r i a t i o n i n t h e e l e c t r o n i c system l e a d s t o t h e corresponding changing i n B. It can be performed by t h e superconducting t r a n s i t i o n , U n f o r t u n a t e l y , t h e t e m p e r a t u r e of t h e X-S t r a n s i t i o n i n copper c r y s t a l s is v e r y low, t h e r e f o r e such kind exper i m e n t s a r e convenient t o c a r r y o u t i n t h e l e a d s i n g l e c r y s t a l , where t h e c r i t i c a l t e m p e r a t u r e i s a b o u t 7,2 K. Thus, t h e amplitude independ e n t d a m p i n g and modulus defect; is i n v e s t i g a t e d i n t h e 99,99975 p u r e ( r e s i s t i v i t y r a t i o ~J~~~~ =4. lo3) l e a d s i n g l e c r y s t a l s w i t h Q101 o r i e n t a t i o n a t 5+15 MHz. I n t h i s f r e q u e n c y r a n g e t h e r e l a t i o n acC< 1 h a s been f u l f i l l e d f o r t h e specimens used. The i d e a of t h e experiment was a s f o l l o w s . A s i t i s seen from ( 1 ) i f B=Rel t h e decr e a s e of t h e f r e e e l e c t r o n d e n s i t y caused by t h e N-S t r a n s i t i o n w i l l l e a d t o t h e col-responding d e c r e a s e of t h e d i s l o c a t i o n damping decrement S whereas t h e value of w i l l remain unchanged. I t i s necess a r y t o p o i n t out t h a t u n l i k e copper experiments i t is very d i f f i c u l t t o s i n g l e out t h e d i s l o c a t i o n c o n t r i b u t i o n t o t o t a l damping. Theref o r e t o s i n g l e out t h e d i s l o c a t i o n s c o n t r i b u t i o n t o t h e t o t a l damping change t h e o t h e r procedure was used.
: The amplitude indewt l o g a~i t h m i c decrement 8 and resonance frequency f v e r s u s t h e v o l t a g e given acr o s s t h e t r a n s d u c e r i n t h e N and S s t a t e s i n t h e l e a d s i ng l e c r y s t a l s . T=4.2 K. Pig.4. Xl and S1 curves r e p r e s e n t t h e dependences of r a n d 4 i n t h e N and -s t a t e s on t h e v o l t a g e ampli-
tude given a c c r o s s t h e transducer. From Fig.4 t h e region of t h e amplitude independent damping i s c l e a r l y seen. It i s necessary t o n o t i c e t h a t g i n t h e X-state i s much l a r g e r than i n t h e S s t a t e whereas f i s p r a c t i c a l l y independent of t h e s t a t e . The curves N2 and S2 correspond t o t h e same specimen but s u b j e c t e d t o a a d d i t i o n a l deformation. The magnitude of t h e d i s l o c a t i o n c o n t r i b u t i o n t o t h e damping i s p r o p o r t ional t o t h e d i f f e r e n c e between corresponding v a l u e s before and a f t e r a d d i t i o n a l deformation. One can s e e t h a t t h e modulus d e f e c t does not change a t t h e N-S t r a n s i t i o n , whereas t h e value of t h e d i s l o c a t i o n damping i n t h e N-state l a r g e r than i n t h e S-state. According t o ( 1 ) i t Fig. 5 : The temperature dependence of t h e damping cons t a n t P i n l e a d s i n g l e c r y s t a l g i n t h e N and S s t at e s ( f = 5 RKz).
i n d i c a t e s t h a t observed d i s l o c a t i o n damping change i s a c t u a l l y due t o varying of R a t t h e N-S t r a n s i t i o n . It seems t o be a s t r o n g evidence of t h e e x i s t e n c e of e l e c t r o n i c damping of d i s l o c a t i o n s . The i n v e s t igation of t h e temperature denendence of Rel shows (~i g . 5 ) t h a t i n t h e N-state Eel does not depend on temperature, and i n t h e S-state Bel var i e s p r o p o r t i o n a l l y w i t h t h e f r e e e l e c t r o n density.This c o i n c i d e s with
